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(57) The present invention relates to a method for
simultaneously qualitatively and quantitatively analyzing
aldehyde and/or ketone compounds in a short time using
an optimal TLC plate, proportion of developing solvent,

sample amount, and the like. By providing the optimal
conditions for using TLC, the analysis result equivalent
to a conventional analysis result can be obtained in a
shorter time.
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Description

BACKGROUND OF THE INVENTION

1. Field of the Invention

[0001] This application claims the benefit of priority to Korean Patent Application No. 10-2018-0066797, filed on June
11, 2018, the entire disclosure of which is incorporated herein by reference.
[0002] The present invention relates to a method for detecting aldehyde and/or ketone compounds using Thin Layer
Chromatography (hereinafter abbreviated as "TLC"), and more particularly, to a method for simultaneously quantitatively
and qualitatively analyzing aldehyde and/or ketone compounds in a shorten time by using optimal TLC analysis conditions.

2. Description of the Related Art

[0003] Carbonyl compounds such as aldehydes and ketones are important constituents of urban and global atmos-
pheres, forming photochemical smog, promoting ozone formation reactions and generating odors. In particular, formal-
dehyde has been studied for its effect on the human body since it simulates a mucous membrane of eyes, skin or
respiratory tract and causes bronchial asthma or allergy even with short-term exposure and it is considered to be a
carcinogenic substance as a result of animal experiments. Such carbonyl compounds are widely distributed indoors and
outdoors, such as in automobile exhaust gas, insulation materials, tobacco smoke, and furniture, thus raising concerns
about environmental pollution.
[0004] Precise but unobstructed techniques are required in order to measure a low level of carbonyl compounds, since
carbonyl compounds do not have a chromophore and cannot be detected by UV detectors. Accordingly, a method has
been developed in which carbonyl compound, such as aldehydes and ketones having a low molecular weight in air and
water is derivatized to its hydrazine derivative (see, the scheme shown below) using 2,4-dinitrophenylhydrazine (here-
inafter abbreviated as "2,4-DNPH"), thereby easily visualizing it to detect the derivative by High Performance Liquid
Chromatography (hereinafter abbreviated as "HPLC").

<DNPH derivatization mechanism>

[0005] Chromatography combined with such chemical derivatization is a representative method for the measurement
of carbonyl compounds, and has an advantage of excellent sensitivity and selective detection. However, a HPLC method
has no economic advantage because it proceeds with expensive HPLC equipment. Then, a method of using TLC was
proposed as a more convenient method than a HPLC method. In one embodiment of this method, strong acids such as
sulfuric acid (H2SO4), hydrochloric acid (HCl) or dichloromethane (CH2Cl2) are used as sampling or developing solvents.
However, strong acids are difficult to handle and dichloromethane has a risk of toxic chloride gas release when exposed
to high temperatures. In addition, in another embodiment of the TLC method, the accuracy of analysis results was
fluctuated depending on the injection amount of the sample, the mixing ratio of the developing solvent, and the interaction
between mobile phase, stationary phase and vapor phase of TLC. However, the TLC method has the advantage of
allowing analysis by the interaction between mobile phase and stationary phase without using a harmful solvent.
[0006] Accordingly, there has been continued research on convenient and accurate TLC analysis method for detecting
aldehyde and/or ketone, while maintaining the advantages of TLC method and not having the disadvantages which were
a problem in the past. The inventors of the present invention have come to provide an optimal TLC assay for the detection
of aldehyde and/or ketone.

SUMMARY OF THE INVENTION

[0007] The object of the present invention is not only to provide analytical results equivalent to those of conventional
HPLC in a shorter time in the analysis of aldehyde and/or ketone, but also to provide qualitative and quantitative analysis
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of aldehyde and/or ketone which eliminate the need for harmful solvents including strong acids and dichloromethane.
[0008] It is a further object of the present invention to provide qualitative and quantitative analysis of aldehyde and/or
ketone using TLC, which allows for the use of smaller amounts of samples compared to the methods using conventional
HPLC.
[0009] In order to solve the above problems, the present invention provides a method for simultaneously qualitatively
and quantitatively analyzing aldehyde or ketone compounds in a shorten time by using an optimal TLC plate, TLC
developing solvent ratio, sample amount, and the like.
[0010] More particularly, the present invention provides a method for qualitatively and quantitatively analyzing aldehyde
and ketone, comprising the steps of:

(i) injecting a sample of aldehyde and/or ketone into a cartridge containing 2,4-dinitrophenylhydrazine (2,4-DNPH)
to obtain a 2,4-dinitrophenylhydrazone derivative;
(ii) extracting 2,4-dinitrophenylhydrazone derivative from the step (i) with a solvent; and
(iii) analyzing extract from the step (ii) by TLC.

[0011] In one embodiment, the cartridge containing 2,4-DNPH in the step (i) is commonly used in the art, and may
contain 2,4-DNPH coated silica.
[0012] In one embodiment, the extraction solvent in the step (ii) is commonly used in the art, and for example, may
be acetonitrile (hereinafter abbreviated as "AN").
[0013] In one embodiment, the extract in the step (iii) can be used in TLC in small amounts, for example in an amount
of 0.3 to 0.7 mL.
[0014] In one embodiment, the developing solvent of TLC in the step (iii) is a mixed solvent of ethyl acetate (hereinafter
abbreviated as "EA") and hexane (hereinafter abbreviated as "Hex"), for example, may be a mixed solvent of EA:Hex
= 1:8 to 1:12.

EFFECT OF THE INVENTION

[0015] According to the analytical method of the present invention, an analysis result equivalent to that of a conventional
HPLC can be obtained in a shorter time without using a harmful solvent in detection of aldehyde and/or ketone.

BRIEF DESCRIPTION OF THE DRAWINGS

[0016]

Fig. 1 shows a HPLC chromatogram of a sample of 2,4-dinitrophenylhydrazone derivative of aldehyde and/or ketone
compound.
Fig. 2 shows a TLC plate used in one embodiment of the present invention.
Fig. 3 shows the results of separation on a TLC plate according to the amount of use of samples of aldehyde and/or
ketone compound (0.5 mL, 1 mL and 2 mL).
Fig. 4 shows the results of separation of a sample of aldehyde and/or ketone compound according to a type and a
mixing ratio of the developing solvent (eluent) of TLC.

DETAILED DESCRIPTION OF THE INVENTION

[0017] Hereinafter, embodiments of the present invention will be described in more detail.
[0018] As the invention allows for various changes and numerous embodiments, particular embodiments will be illus-
trated in the drawings and described in detail in the written description. However, this is not intended to limit the present
invention to the specific embodiments, and it should be understood to include all conversions, equivalents or alternatives
included in the spirit and scope of the present invention. In the following description of the present invention, if it is
determined that the detailed description of the related known technology may obscure the gist of the present invention,
the detailed description thereof will be omitted.
[0019] In the present invention, it is intended to secure an inexpensive and rapid optimal method while maintaining
the resolution of HPLC, compared to the method using 2,4-DNPH derivatization and HPLC, which is a typical method
for measuring carbonyl compounds.
[0020] Accordingly, the present invention provides a qualitative and quantitative analysis method of carbonyl com-
pounds using TLC. To this end, the challenge is to select an optimal TLC plate, an optimal ratio of developing solvent,
and an optimal amount of a sample to be used, and to reduce the analysis time.
[0021] Qualitative and quantitative analysis of carbonyl compounds using TLC according to the present invention has
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the advantage that the results can be seen visually by 2,4-DNPH derivatization and multiple samples can be analyzed
simultaneously under the same conditions.
[0022] In order to solve the above problems, the present invention provides a method for qualitatively and quantitatively
analyzing aldehyde or ketone, comprising the steps of:

(i) injecting a sample of aldehyde and/or ketone into a cartridge containing 2,4-dinitrophenylhydrazine (2,4-DNPH)
to obtain a 2,4-dinitrophenylhydrazone derivative;
(ii) extracting 2,4-dinitrophenylhydrazone derivative from the step (i) with a solvent; and
(iii) analyzing extract from the step (ii) by TLC.

[0023] In one embodiment, the sample of aldehyde and/or ketone is obtained from air or water.
[0024] In one embodiment, the aldehyde and/or ketone comprises formaldehyde, acetaldehyde, acrolein, acetone,
propionaldehyde, butyraldehyde, benzaldehyde, crotonaldehyde, iso-valeraldehyde, n-valeraldehyde, o-tolualdehyde,
m-tolualdehyde, p-tolualdehyde, hexaldehyde, 2,5-dimethylbenzaldehyde, and the like.
[0025] In one embodiment, the 2,4-dinitrophenylhydrazone derivative comprises formaldehyde-2,4-dinitrophenylhy-
drazone, acetaldehyde-2,4-dinitrophenylhydrazone, acrolein-2,4-dinitrophenylhydrazone, acetone-2,4-dinitrophenylhy-
drazone, propionaldehyde-2,4-dinitrophenylhydrazone, butyraldehyde-2,4-dinitrophenylhydrazone, benzaldehyde-2,4-
dinitrophenylhydrazone, crotonaldehyde-2,4-dinitrophenylhydrazone, methacrolein-2,4-dinitrophenylhydrazone, 2-bu-
tanone-2,4-dinitrophenylhydrazone, valeraldehyde-2,4-dinitrophenylhydrazone, m-tolualdehyde-2,4-dinitrophenylhy-
drazone, hexaldehyde-2,4-dinitrophenylhydrazone, and the like.
[0026] In one embodiment, the cartridge containing 2,4-DNPH may contain 2,4-DNPH coated silica or be immersed
in an acidified 2,4-DNPH solution. If the sample of aldehyde and/or ketone is obtained from air, the sample may be
injected into the 2,4-DNPH-containing cartridge for 5 minutes at a flow rate of 1 to 2 L/min. If the sample of aldehyde
and/or ketone is obtained from water, 2,4-DNPH buffered at pH 3 may be added directly to the sample.
[0027] In one embodiment, the extraction solvent in the step (ii) may be acetonitrile (AN).
[0028] In one embodiment, the 2,4,-dinitrophenylhydrazone derivative extract in the step (iii) can be used in TLC in
small amounts, for example in an amount of 0.3 to 0.7 mL. When the amount of the 2,4-dinitrophenylhydrazone derivative
extract is out of the above range, the separation resolution on the TLC plate is low and the separation of the sample is
hardly identified. In the present specification, the amount of the extract is used in the same sense as the sample amount
or the sample injection amount.
[0029] In another embodiment, the 2,4-dinitrophenylhydrazone derivative extract in the step (iii) may be used in an
amount of 0.4 to 0.6 mL, for example 0.5 mL.
[0030] In one embodiment, the developing solvent of TLC in the step (iii) is a mixed solvent of ethyl acetate (EA) and
hexane (Hex) and may be used with EA:Hex = 1:8 to 1:12. If the proportion of developing solvent of TLC is out of this
range, the separation of the sample on a TLC plate is hardly identified.
[0031] In other embodiments, the developing solvent of TLC in the step (iii) may be used with EA:Hex = 1:9 to 1:11,
such as 1:10.
[0032] The conditions of use as mentioned above may be applied simultaneously to the separation of, in particular,
seven aldehydes and/or ketones, i.e., formaldehyde, acetaldehyde, acrolein, acetone, propionaldehyde, butyraldehyde
and benzaldehyde, among aldehydes and/or ketones as exemplified above. In the case of separating two or three
aldehydes and/or ketones among other aldehydes and/or ketones including these, the above conditions may not be
applied simultaneously.
[0033] In one embodiment, the TLC plate in the step (iii) is a RP-18 F254s TLC plate (silica gel coating, aluminum
support) having a C18 coating thickness of 0.2 mm, a plate size of 10 cm x 1 cm, with using up to 40% water. One
example of the TLC plate that can be used in the present invention is shown in Fig. 2.
[0034] Hereinafter, embodiments of the present invention will be described in detail so that those skilled in the art can
easily practice the present invention. However, the present invention can be implemented in various different ways and
is not limited to the embodiments described herein.

1. Analysis with HPLC (Prior art)

[0035] According to the prior art, a sample of aldehyde/ketone was analyzed using HPLC as follows.
(1) A commercial standard (3 mg/mL) in which aldehyde and ketone derivatized with 2,4-DNPH were dissolved in ace-
tonitrile (AN) was used as a standard (Sigma, St. Louis, MO).
(2) A carbonyl-containing air sample was passed through a 2,4-DNPH containing cartridge for 5 minutes at a flow rate
of 1.5 L/min to obtain a 2,4-dinitrophenylhydrazone derivative.
(3) The colored 2,4-dinitrophenylhydrazone derivative from (2) was extracted with acetonitrile (AN) for 1 minute so that
the total volume of the extract was 5 mL.
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(4) The extract from (3) was injected into an HPLC reversed-phase column and analyzed by fixing the wavelength of
the UV detector at 360 nm using HPLC. HPLC analysis conditions were as follows:

HPLC system: Waters Aliance 2695
PDA detector (photodiode array detector): Waters 2996
Software: Waters Empower 3 (Build 3471)
Column: Capcell Pak C18 (4.6 mm ID 3 250 mm L, 5 mm)
Detection wavelength: 241 nm
Flow rate: 1.0 mL/min
Column temperature: 40 °C
Sample injection volume: 10 mL

Extraction solvent (eluent): mobile phase A - acetonitrile (AN, for HPLC, J. T. Baker); mobile phase B - ultrapure water
(filtered by solvent clarification system). Isocratic elution behavior was investigated until 30 minutes at 50% of mobile
phase A.
(5) Seven 2,4-dinitrophenylhydrazone derivatives were identified from the HPLC chromatogram obtained in (4) (see Fig.
1). The concentrations of the measured 2,4-dinitrophenylhydrazone derivatives are as listed in Table 1 below:

[0036] The separation of the seven 2,4-dinitrophenylhydrazone derivatives took 30 minutes.

Example 1

[0037] In this example, the results of TLC analysis with the sample injection amount of 0.5 mL are described.

(1) A carbonyl-containing air sample was passed through a 2,4-DNPH containing cartridge for 5 minutes at a flow
rate of 1.5 L/min to obtain a 2,4-dinitrophenylhydrazone derivative.
(2) The colored 2,4-dinitrophenylhydrazone derivative from (1) was extracted with acetonitrile (AN) for 1 minute so
that the total volume of the extract was 5 mL.
(3) The extract from (2) was placed on a RP-18 F254s TLC plate (silica gel coating, aluminum support) (C18 coating
thickness 0.2 mm, plate size 10 cm 3 1 cm) and developed with a mixed solution of AN:H2O = 6:4, 7:3 and 8:2,
respectively. The TLC separation results are shown in Fig. 3 (see "seven aldehydes 0.5 mL" on the left in Fig. 3).

[0038] As can be seen in Fig. 3, seven 2,4-dinitrophenylhydrazone derivatives of aldehyde and ketone are separated
into four spot (indicated by the "peak components" on the left in Fig. 3) and detected in the order shown on the left, that
is, 1 → 2, 3 → 4, 5 → 6, 7 (1: Formaldehyde-2,4-dinitrophenylhydrazone, 2: Acetaldehyde-2,4-dinitrophenylhydrazone,
3: Acrolein-2,4-dinitrophenylhydrazone, 4: Acetone-2,4-dinitrophenylhydrazone, 5: Propionaldehyde-2,4-dinitrophenyl-
hydrazone, 6: Butyraldehyde-2,4-dinitrophenylhydrazone, 7: Benzaldehyde-2,4-dinitrophenylhydrazone).
[0039] The separation of seven 2,4-dinitrophenylhydrazone derivatives of aldehyde and ketone took 5 minutes.

Comparative Example 1.1

[0040] The same procedure as in Example 1 was carried out except that the sample injection amount was changed
to 1 mL. The TLC separation results are shown in Fig. 3 (see "seven aldehydes 0.5 mL" in the middle in Fig. 3).

[Table 1]

Peak # Sample Conc. (mg/mL)

1 Formaldehyde-2,4-dinitrophenylhydrazone 1500

2 Acetaldehyde-2,4-dinitrophenylhydrazone 1000

3 Acrolein-2,4-dinitrophenylhydrazone 500

4 Acetone-2,4-dinitrophenylhydrazone 500

5 Propionaldehyde-2,4-dinitrophenylhydrazone 500

6 Butyraldehyde-2,4-dinitrophenylhydrazone 500

7 Benzaldehyde-2,4-dinitrophenylhydrazone 500
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[0041] As can be seen in Fig. 3, seven 2,4-dinitrophenylhydrazone derivatives of aldehyde and ketone were not
separately isolated.

Comparative Example 1.2

[0042] The same procedure as in Example 1 was carried out except that the sample injection amount was changed
to 2 mL. The TLC separation results are shown in Fig. 3 (see "seven aldehydes 2 mL" on the right in Fig. 3).
[0043] As can be seen in Fig. 3, seven 2,4-dinitrophenylhydrazone derivatives of aldehyde and ketone were not
separately isolated.
[0044] From the above Example 1 and Comparative Examples 1.1 and 1.2, it can be seen that the resolution of TLC
in the case of the sample injection amount of 0.5 mL is higher than in the case of 1 mL and 2 mL, under the condition of
the same developing solvent.

Example 2

[0045] This example presents the TLC analysis results using a mixed solvent of ethyl acetate (EA):hexane (Hex) =
1:10 as the TLC developing solvent while fixing the sample injection amount at 0.5 mL.
[0046] The same procedure as in Example 1 was carried out except that a mixed solvent of ethyl acetate (EA):hexane
(Hex) = 1:10 was used in place of a mixed solution of AN:H2O = 6:4, 7:3 and 8:2 in Example 1 (3). The TLC separation
results are shown in Fig. 4 (see "1:10" on the right in Fig. 4).
[0047] As can be seen in Fig. 4, seven 2,4-dinitrophenylhydrazone derivatives of aldehyde and of ketone were sep-
arated into their respective components (indicated by "peak components 1-7" on the right in Fig. 4; 7 → 6 → 5 → 4 →
3 → 2 → 1). The concentrations of the isolated derivatives are shown in Table 2 below:

[0048] The separation of seven 2,4-dinitrophenylhydrazone derivatives of aldehyde and ketone took 5 minutes. There-
fore, the time taken for obtaining the analysis results equivalent to those of the conventional HPLC method using TLC
was shortened.

Comparative Example 2.1

[0049] The same procedure as in Example 2 was carried out except that the mixing ratio of EA:Hex was changed to
1:15. The TLC separation results are shown in Fig. 4 (see "1:15’ in the middle in Fig. 4).
[0050] As can be seen in Fig. 4, seven 2,4-DNPH derivatives of aldehyde and ketone were separated into three spots
(7 → 4,5,6 → 1,2,3) and not isolated separately.

Comparative 2.2

[0051] The same procedure as in Example 2 was carried out except that the mixing ratio of EA:Hex was changed to
1:20. The TLC separation results are shown in Fig. 4 (see "1:20" on the left in Fig. 4).
[0052] As can be seen in Fig. 4, seven 2,4-DNPH derivatives of aldehyde and ketone were separated into three spots
(7 → 4,5,6 → 1,2,3) and not isolated separately.
[0053] From the above Example 2 and Comparative Examples 2.1 and 2.2, it was confirmed that all seven samples
were separated in the case that EA:Hex = 1:10 is used as a developing solvent under the same injection amount.
[0054] As described above, it can be seen that, according to the present invention, the clear separation of each

[Table 2]

Peak # Sample Conc. (mg/mL)

1 Acetaldehyde-2,4-dinitrophenylhydrazone 1000

2 Acetone-2,4-dinitrophenylhydrazone 500

3 Acrolein-2,4-dinitrophenylhydrazone 500

4 Benzaldehyde-2,4-dinitrophenylhydrazone 500

5 Butyraldehyde-2,4-dinitrophenylhydrazone 500

6 Formaldehyde-2,4-dinitrophenylhydrazone 1500

7 Propionaldehyde-2,4-dinitrophenylhydrazone 500
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component is possible and the analysis time is shortened compared to HPLC method, by providing the optimum mixing
ratio of the developing solvent and the injection amount of the sample in the detection of aldehyde and/or ketone by TLC.
[0055] It will be understood by those skilled in the art that various changes in form and details may be made therein
without departing from the spirit or essential characteristics of the invention. Therefore, it should be understood that the
above-described embodiments are illustrative in all aspects and not restrictive. Thus, the substantial scope of the present
invention will be defined by the appended claims and their equivalents.

Claims

1. A method for qualitatively and quantitatively analyzing aldehyde or ketone, comprising the steps of:

(i) injecting a sample of aldehyde or ketone into a cartridge containing 2,4-dinitrophenylhydrazine (2,4-DNPH)
to obtain a 2,4-dinitrophenylhydrazone derivative;
(ii) extracting 2,4-dinitrophenylhydrazone derivative from the step (i) with a solvent; and
(iii) analyzing extract from the step (ii) by TLC,

wherein the sample of aldehyde or ketone is injected in an amount of 0.3 to 0.7 mL.

2. The method for qualitatively and quantitatively analyzing aldehyde or ketone according to claim 1, wherein the
sample of aldehyde or ketone in the step (i) comprises at least one selected from the group consisting of formaldehyde,
acetaldehyde, acrolein, acetone, propionaldehyde, butyraldehyde, benzaldehyde, crotonaldehyde, iso-valeralde-
hyde, n-valeraldehyde, o-tolualdehyde, m-tolualdehyde, p-tolualdehyde, hexaldehyde and 2,5-dimethylbenzalde-
hyde.

3. The method for qualitatively and quantitatively analyzing aldehyde or ketone according to claim 1, wherein the
solvent in the step (ii) is acetonitrile (AN).

4. The method for qualitatively and quantitatively analyzing aldehyde or ketone according to claim 1, wherein a mixed
solvent of ethyl acetate (EA) and hexane (Hex) of 1:8 to 1:12 is used as the developing solvent of TLC in the step (iii).

5. The method for qualitatively and quantitatively analyzing aldehyde or ketone according to claim 1, wherein the 2,4-
dinitrophenylhydrazone derivative in the step (ii) is at least one selected from the group consisting of formaldehyde-
2,4-dinitrophenylhydrazone, acetaldehyde-2,4-dinitrophenylhydrazone, acrolein-2,4-dinitrophenylhydrazone, ace-
tone-2,4-dinitrophenylhydrazone, propionaldehyde-2,4-dinitrophenylhydrazone, butyraldehyde-2,4-dinitrophenyl-
hydrazone, benzaldehyde-2,4-dinitrophenylhydrazone, crotonaldehyde-2,4-dinitrophenylhydrazone, methacrolein-
2,4-dinitrophenylhydrazone, 2-butanone-2,4-dinitrophenylhydrazone, valeraldehyde-2,4-dinitrophenylhydrazone,
m-tolualdehyde-2,4-dinitrophenylhydrazone and hexaldehyde-2,4-dinitrophenylhydrazone.
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